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COMMUNICATION SYSTEM EMPLOYING MULTIPLE RELAY SATETTTTTtq 
OPERATING ON COMMON DOWNLINK FREQUENCY SATELLITES 

BACKGROUND OF THR T NVENTTON ; 

5 The invention described and claimed herein relates 

generally to the field of communications, and is 
particularly concerned with a radio communication system 
in which signals are exchanged between ground-based 
transmitters and receivers through one or more relay 
10 satellites. 

Many radio communication systems utilize 
satellites, particularly geostationary satellites, as 
signal relays. m fixed satellite communication 
systems, earth stations at fixed geographic locations 
15 transmit radio signals to a satellite which receives, 
amplifies, and rebroadcasts the transmissions at a 
shifted frequency to other earth stations at fixed 
locations, m this manner, point-to-point communication 
links can be established. Mobile satellite 

20 communication systems operate in much the same manner, 
although in this case the signals are relayed between 
mobile terminals which are carried by automobiles, 
trucks, airplanes, ships, or other movable platforms. 
Both fixed and mobile satellite communications 
25 share certain limitations. a principal limitation, 
apart from the considerable cost involved in placing a 
satellite into orbit, relates to the maximum power 
available to operate the satellite. The amount of 
information which can be transmitted in a given 
bandwidth depends, in part, on the power available for 
transmission. The amplifiers on board the satellite are 
limited in their power output, and the electrical 
generating capacity of the satellite batteries and solar 
panels is also limited. Satellite power is thus a 
limited resource, and this will impose a limit on the 
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total amount of information that can be processed by the 
communication system as a whole. 

Another limitation arises from the fact that 
governmental regulations and international agreements 
5 designate limited frequency bands for use in satellite 
communication systems. Therefore, efficient use must 
be made of these frequency bands and communication 
techniques which are wasteful of radio spectrum must be 
avoided . 

10 A further limitation results from the desirability 

of utilizing satellites in geostationary orbit as signal 
relays. Geostationary orbit is an equatorial orbit 
having a period of one day. To an observer on earth, a 
satellite in such an orbit appears to remain stationary 

15 at a fixed point in the sky, and can therefore serve as 
a fixed communication relay. Governmental regulations 
require a minimum spacing between satellites in order to 
avoid intersatellite interference. This, in turn, sets 
a limit on the total number of geostationary satellites 

20 which can be placed in orbit. Different satellites 
provide coverage of different portions of the earth, and 
demand is highest for satellites covering desirable 
markets. The signal handling capacity of these 
satellites must therefore be used in the most efficient 

25 manner possible. 

These limitations have led * to certain practices 
which have become common in the satellite communications 
industry. The high cost and limited number of 
satellites, for example, has led to the use of methods 

3 0 for allowing multiple earth stations to utilize the same 
satellite. One method is called frequency division 
multiple access (FDMA) . In this technique, the allotted 
frequency spectrum is divided into a number of distinct 
bands. Different stations transmit in different 

35 frequency bands, and filters at the receiving stations 
block transmissions in all but the desired band. 



WO 90/13,86 PCT/US90/02077 

-3- 



Another method is called time division multiple access 
(TDMA). m this method, many different stations 
transmit in bursts using the same frequency band, but 
they are synchronized with one another so that the 
5 transmissions do not overlap in time. 

In both FDMA and TDMA systems, satellite 
transponder power can limit the total amount of 
information that can be relayed. If a communication 
system has utilized all of the available transponder 
10 power, additional information can only be sent by 
utilizing another transponder on board the satellite 
However, an increase in capacity using multiple 
transponder channels requires use of additional 
bandwidth, because each transponder on a given satellite 
15 operates in a different frequency band. Additional 
bandwidth may not always be available, especially for 
satellites placed in highly desirable locations. 
Moreover, the use of additional frequency channels 
requires the terrestrial transmitting and receiving 
20 statxons to operate on multiple frequencies, which 
increases the cost and complexity of the communication 
system. 

As an alternative, the capacity of a system can be 
increased by utilizing a transponder on a second 

25 satellite. if the second transponder operates at a 
frequency different from that of the first, spectrum 
usage is the same as in the situation where both 
transponders are carried by the same satellite, on the 
other hand, if the transponders on the two satellites 

3 0 operate in the same frequency band, interference may 
occur. 

Fixed satellite communication systems which utilize 
two or more transponders operating at the same frequency 
on different satellites can avoid interference by using 
35 highly directional antennas. Such antennas may utilize 
large reflectors, phased antenna arrays, or other 
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techniques to achieve the necessary degree of 
directionality. in mobile communication systems, 
however, directional antennas are undesirable because of 
their size, weight and complexity. Further, directional 
5 antennas must be aimed, and must track the satellite as 
the platform moves and changes direction. Even if 
tracking is possible, the cost of the necessary tracking 
equipment may become prohibitive when it is necessary to 
equip large numbers of mobile terminals at a low unit 
10 cost. 

Small antennas, while more practical for mobile 
terminals, have a lower gain than large antennas. All 
else being equal, a system having a smaller receiving 
antenna will have a lower capacity than a system having 

15 a large antenna. Small antennas are generally less 
directional than large antennas, meaning that their gain 
is less dependent on orientation. Such small antennas 
cannot separate the transmissions of one satellite from 
those of another solely on the basis of the satellite 

20 positions. 

To summarize, a conventional bandwidth-limited, 
mobile communication system which has reached the power 
limit of its satellite transponders cannot increase 
capacity by using additional transponders on the same 
satellite, since that would require additional bandwidth 
and complex user equipment, or by using a transponder on 
a second satellite operating at the same frequency, 
which would require multiple directional tracking 
antennas. * A need exists, therefore, for a method by 
which the capacity of a satellite communication system 
can be increased without incurring any of these 
disadvantages . 



25 



30 



WO 90/13186 



PCT/US90/02077 



20 



25 



30 



-5- 

SUMMARY OF THE Tmncwr™. 



in accordance with the present invention, spread 
spectrum techniques are utilized to allow signals to be 
transmitted from a ground-based transmitting station to 
5 a plurality of receiver terminals through two or more 
relay satellites operating on the same downlink carrier 
frequency and covering the same geographic area. in 
this way, the capacity of the system can be increased 

10 llT U t T- ° f additi ° nal bandwidth, and 

without reliance on directional tracking antennas at the 
receiver terminals. The use of a common downlink 
frequency also has the advantage of allowing all of the 
receiver terminals to be of essentially identical 
construction, which reduces the cost and complexity of 
J-5 the communication system. 

In one aspect, the present invention relates to a 
radio communication system comprising means for 
generating messages to be transmitted; means for 
assigning said messages to first and second message 
groups; means for encoding said first and second message 
groups with mutually distinguishable codes; means for 
transmitting said first and second message groups; first 
and second elevated relay stations for receiving said 
first and second message groups, respectively, and for 
retransmitting said message groups at a common downlink 
carrier frequency, said relay stations having 
transmitting antennas which provide overlapping coverage 
of a common geographic area; and a plurality of receiver 
terminals located in said common geographic area for 
receiving said first and second message groups at said 
common downlink frequency, each of said receiver 
terminals including decoding means for decoding at least 
one of said first and second codes in order to allow 
messages to be received from at least one of said relay 
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stations without interference from the other relay 
station. 

Additional aspects of the invention relate to a 
method for transmitting messages from a central station 
5 to a plurality of receiver terminals using first and 
second relay stations operating at the same downlink 
frequency, and a method for expanding the capacity of a 
satellite communication system by employing additional 
relay satellites operating at the same downlink 
10 frequency. The invention has particular utility in 
satellite-based position determination and message 
transfer systems, but is also useful in other 
applications. 
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BEISF DESCRIPTION o f the npawp ^o . 



The various objects, advantages, and novel features 
of the present invention will be more readily 
apprehended from the following detailed description when 
read in conjunction with the appended drawings, in 
which: 

20 ^ Fig. 1 is a schematic illustration of a mobile 

satellite communication system incorporating the 
features of the present invention; 

Fig. 2 is a schematic block diagram of the ground- 
based central station used in the communication system 

25 Of Fig. 1; 

Fig. 3 is a schematic diagram illustrating the 
general organization of software in the central station 
computer; 

Fig. 4 is a flow chart which describes the 
30 operation of the message routing software used in the 
central station computer; 



WO 90/13186 PCT/US90/02077 

-7- 



10 



15 



20 



25 



30 



Fig. 5 is a block diagram of a modulator which 
forms a part of the transmitting equipment used at the 
central station; 

Fig. 6 is a schematic diagram illustrating the 
format of the modulator output signals in Fig. 5? 

Fig. 7 is a schematic diagram illustrating the 
principal transponder components used in the satellites 
of Fig. l; 

Fig. 8 is a schematic diagram illustrating the 
principal receiver components used in the receiver 
terminals of Fig. i; 

Fig. 9 is a schematic diagram of one of the decoder 
channels in Fig. 8; and 

Fig. 10 is a schematic diagram of the message 
recovery circuit used in the receiver terminal of Fig. 

Throughout the drawings, like reference numerals 
will be understood to refer to like parts or components. 

DETAILED DESCRIPTION OF THE PREFERRED EMROHTM^. 

Fig. 1 illustrates a satellite communication system 
operating in accordance with the principles of the 
present invention. The system comprises a fixed central 
station 20, a number of subscriber stations 26, two 
geostationary relay satellites 28 and 30 at spaced 
orbital positions, and number of mobile receivers 32 
which are referred to as user terminals. The central 
station 20 operates two parabolic transmitting antennas 
22 and 24. The system of Fig. 1 provides two types of 
communications, namely, message transmission (also 
referred to as paging) and radio position determination. 
For paging, the subscriber stations 26 generate text 
messages for specific ones of the user terminals 32. 
These messages are sent to the central station 20 over 
terrestrial communication links 34 which may, for 
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example, comprise telephone lines, microwave links or 
optical fiber links. The central station 20 collects 
the messages and transmits them to the user terminals 32 
by means of the two relay satellites 28 and 30. The 
5 user terminals 32 may, if desired, have the capability 
to reply to the central station 20 with their own text 
messages. 

For position determination, the central station 20 
transmits an interrogation signal (which may also carry 
message data) that is relayed to the user terminals 32 
through one or both of the satellites 28, 30, and the 
user terminals 32 respond by transmitting reply signals 
back to the central station through both satellites. 
The central station 20 then performs time difference of 
arrival calculations to determine the positions of 
individual user terminals 32. The position data may 
then ^ be made available to the subscribers 26 and, 
optionally, to the involved user terminals 32. 

Further details of the message exchange and 
posxtion determination functions may be found in U S 
Patent 4,359,733, issued to G.K. O'Neill on November 16, 
1982; in U.S. Patent 4,744,083, issued to G.K. O'Neill 
and L.O. snively on May io, 1988; in copending U.S. 
patent application Serial No. 641,385, filed by G.K 
25 O'Neill and L.O. Snively on August 16, 1984; and in 
copending U.S. patent application Serial No. 260,614, 
filed by M. Motamedi on October 21, 1988; all of said 
patents and applications being expressly incorporated 
herein by reference . 

One application of a system of the type shown in 
Fig. l is to provide tracking and paging services for a 
number of vehicle fleets operated by different companies 
(the latter corresponding to the subscribers 26) . Each 
subscriber 26 operates a number of vehicles (e.g., 
trucks, automobiles, ships, railroad cars, or the like) 
and each vehicle carries a mobile user terminal 32. The 
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central station 20 determines the locations of each user 
terminal 32, and informs each subscriber 26 of the 
locations of its associated user terminals. m 
addition, the central station 20 accepts messages from 
each subscriber 26, sorts the messages, and transmits 
them to the appropriate user terminals 32. Message and 
position information for each subscriber 26 is 
confidential with respect to the other subscribers. In 
the description which follows, primary emphasis will be 
placed on the paging aspects of the system, although it 
should be understood that position determination and 
paging functions may be carried out simultaneously using 
the apparatus and methods disclosed in the patents and 
applications mentioned previously. 

The partitioning of the outgoing message traffic 
between the two satellites 28, 30 of Fig. i allows the 
message handling capacity of the system to be increased 
beyond that which would be obtained in a single 
satellite system. As will be described, this result can 
be achieved without increasing the amount of radio 
spectrum utilized, by operating both satellites on the 
same uplink and downlink carrier frequencies and by 
taking steps to eliminate interference between the 
signals transmitted to and received from the two 
25 satellites. on the uplink side, interference is 
eliminated by utilizing highly directional transmitting 
antennas which are aligned toward the respective 
satellites. On the downlink side, interference is 
eliminated by encoding the message transmissions relayed 
30 through the two satellites using mutually 
distinguishable codes, and by providing the user 
terminals with equipment for decoding one or both codes. 

Referring again to Fig. i, ^ he fi rst directional 
antenna 22 at the central station 20 transmits messages 
to the first satellite 28 at an uplink frequency fl . The 
second directional antenna 24 transmits messages to the 
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second satellite 30 at the same uplink frequency f x . 
Energy from the first transmitting antenna 22 is focused 
on the first satellite 28, but not on the second 
satellite 30. Conversely, energy from the second 
transmitting antenna 24 is focused on the second 
satellite 30, but not on the first satellite 28. The 
satellites 28, 30 shift the uplink transmissions to the 
same downlink frequency f 2 , and both satellites 28, 30 
provide coverage to the same geographic region which 
encompasses the user terminals 32. In practice, the 
satellites may use multiple antennas or overlapping spot 
beams to provide the desired geographic coverage. 

The user terminals 32 can potentially receive 
transmissions from both satellites since the 
15 transmissions will have the same frequency and 
approximately the same power level. in order to avoid 
the interference which would otherwise result in this 
situation, the signal transmissions are encoded by the 
central station 20 and are decoded by the user terminals 
20 32 using spread spectrum techniques, as will be 
discussed in more detail below. The use of spread 
spectrum transmissions allows the signal traffic to be 
divided between the two satellites 28, 30 without 
requiring an additional downlink frequency, and without 
25 resorting to the use of directional antennas at the user 
terminals . 

Since radio spectrum allocations are somewhat 
easier to obtain for narrow beam transmissions than for 
broad beam transmissions, the use of a single uplink 
30 frequency f x is desirable but not essential. The 
objective of minimizing the spectrum requirement is 
substantially met by the use of a single downlink 
frequency f 2 for the transmissions taking place between 
the satellites 28, 30 and the user terminals 32, since 
these transmissions cover a much wider geographic area 
than the uplink transmissions. 
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Fig. 2 is a functional block diagram of the central 

station 20. The subscribers 26 (not shown) generate 

messages on input lines 7« 

* xines 36. These messages may, for 

5 zzilv r: ist . of asci1 ch «- ta " i« t he «l = f 

da! Si9nalS - M ° ng " ith «» — 

data, the subscribers specify the destinaticn cf each 

message by identifying a specific user terminal 32. A 
communications interface 38 receives the subscriber 
information and routes it to a computer 40. The 
10 computer 40 receives the information, temporary stores 
the messages, identifies their destinations, and routes 
each message to one of two equipment chains 42, 44 

The two equipment chains 42, 44 contain similar 
equipment. Referring first to the chain 42, a modulator 
15 46 spreads the data stream onto a pseudo-noise (PN, code 
according to the direct sequence spread spectrum 
modulation technique. The modulator 46 also modulates 
the spread signal onto an intermediate frequency (l F ) 

20 Zl^T^ biPhaSS Shift keying " An "P "nverter 48 
shifts the frequency of the IP carrier to a microwave 
frequency f, on the order of several gigahertz, a high 
power amplifier 50 increases the power of the microwave 
signal for transmission. The directional transmitting 
antenna 22 focuses t-h*=. r--,^ -.4-^ 
25 . radiated energy of the amplified 

25 signal from the first equipment chain 42 to the 
satellite 28 of Fig. x . The second equipment chain 44 
performs identical functions using a modulator 52, up 
converter 54 and high power amplifier 56, but this chain 

30 hv° C I SSeS " eSSa9eS WhiCh intenaefl for transmission 

by the second directional antenna 24 to the second 
satellite 30 of Fig. l. 

=„»< ^ ^ C ° nVerters 48 - 54 °f the two equipment 
chains 42, 44 shift their respective if carriers tc the 
same uplink frequency However, since each of the two 
35 parabolic transmitting antennas 22, 24 focuses its power 
on only one satellite, interference at the satellites 
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does not occur even though a common uplink frequency is 
employed. At the user level, interference is avoided by 
virtue of the fact that the modulators 46, 52 of the two 
equipment chains 42, 44 utilize different PN codes, 
allowing the user terminals 32 to receive the signal 
from only one satellite without requiring a directional 
antenna . 

The computer 40 performs message routing and 
message stream aggregation using known packet switching 
techniques. The computer hardware may, for example, 
consist of an HP 850 system manufactured by Hewlett 
Packard corporation. The interface to the subscriber 
equipment will vary according to the specific 
requirements of each subscriber, but may include a modem 
or coder/decoder unit connected by telephone lines to 
similar equipment at the subscriber site. 

Figure 3 illustrates the general organization of 
software in the computer 40. An operating system 58 
provides the highest level of control of the computer 
and establishes the system environment for various 
application programs. An outbound message signal 
processing program 60 is one such application. other 
application programs 62 (e.g., for billing and 
accounting functions) also exist and may be called to 
25 run on the same computer. Within the outbound message 
processing program 60, the software is divided into 
several functional modules. The outbound message 
processing control module 64 regulates the sequence in 
which other modules are called. A routinq module 66 
routes messages to one of the two equipment chains 42, 
44 (Fig. 2) . The remaining modules 68 control the 
formatting and sequencinq of the messages, the 
generation of timing data for use in position 
calculations, and other functions. For the purposes of 
the present invention, only the routing module 66 is of 



20 



30 



35 



WO 90/13186 



PCT/US90/02077 



-13- 



10 



15 



importance and the other software modules need not be 
described further. 

Fig. 4 is a flow chart which describes the 
operation of the routing module 66. The module begins 
at an entry point 70 when called from the outbound 
message processing control module 64 (Fig. 3) . m block 
72, the computer executes an input operation which reads 
an identification code for the message destination from 
the information received from the subscriber. The 
computer then performs a table look-up in block 74 to 
determine which PN code has been assigned to the user 
terminal that is to receive the message. The table 76 
lists all user terminals according to identification 
code. For each identification code, the table 76 
indicates whether the receiver is capable of decoding a 
first PN code, a second PN code, or both PN codes. 

After executing the table look-up, the computer 
proceeds to a decision block 78. if the receiver is 
capable of decoding only the first PN code, the computer 
executes a first output operation in block 80 which 
passes the message to the first equipment chain 42 of 
Fig. 2. If the receiver is capable of decoding only the 
second PN code, the computer executes a second output 
operation in block 82 which passes the message to the 
second equipment chain 44 of Fig. 2. If the receiver 
is capable of decoding both PN codes, the computer 
executes a decision operation in block 84 which selects 
one of the two output operations 80, 82. 

The select operation in block 84 may select an 
equipment chain in such a manner as to equalize signal 
traffic .between the two satellites 28, 30 (Fig. i) , to 
shunt signal traffic away from a satellite which 'has 
reached its message handling capacity, or to avoid 
failed equipment in one of the equipment chains or in 
35 one of the satellites. m certain cases, the message 
may be passed to both equipment chains so that it will 
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be transmitted to the intended user terminal 32 through 
both satellites simultaneously. This may be desirable 
as a means for insuring that certain critical messages 
reach the user, or as a means for carrying out position 
determination using techniques to be discussed shortly. 

After executing the appropriate output operation in 
block 80 or 82, the computer reaches an exit point 86 
and execution of the routing module terminates. The 
computer may then execute another functional module or 
re-enter the routing module, as directed by the outbound 
message processing control module 64 of Fig. 3. 

Fig. 5 is a block diagram of the modulator 46 in 
the first equipment chain 42 of Fig. 2. The modulator 
52 in the second equipment chain 44 is essentially 
identical except for the particular PN code employed, 
and the description which follows applies to both. 

The modulator 46 performs two functions, namely, 
spreading the output data stream from the computer 40 
onto a pseudo-noise (PN) code, and modulating the spread 
data stream onto an intermediate frequency (IF) carrier. 
A clock 88 generates a periodic signal and a first 
divider chain 90 generates a 1200 Hz signal from the 
clock signal. A mixer 92 shifts the input data signal 
on line 94 to 1200 Hz. a second divider chain 96 
generates a 1.112 MHz signal from the clock signal which 
drives a pseudo-noise (PN) generator 98 at a 1.112 
megachip per second (Mcps) chip rate. The PN generator 
98, in turn, generates a 1.112 Mcps pseudo-noise code 
which consists of a Gold code having a length of (2 17 -l) 
chips. A second mixer 100 spreads the 1200 Hz data 
signal over the 1.112 Mcps PN code. A biphase shift 
keyed (BPSK) modulator 102 modulates a 70 MHz carrier 
with the spread data. A bandpass filter 104 eliminates 
spurious signals outside a pass band centered at 70 MHz, 
and produces an output signal on line 106 which is 
applied as an input to the up converter 48 of Fig. 2. 
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Fxg. 6 is a schematic diagram illustrating the time 
domain organization of the modulator output signal in 
Fig. 5. The output signal 108 is divided into 
successive frames no, each frame comprising one 
5 repetition of the (2"-!) chip PN sequence. Eac h frame 
110 is further subdivided into a number of parts An 
initial sequence (Ll) denotes the beginning of the frame 
and may be an all-ones portion of the PN sequence A 
succession of messages 112 addressed to individual user 
terminals follows the Ll sequence. A parity check (PC) 
follows the last message, and an ending sequence (L2) 
marks the end of the frame. Each message 112 contains 
two portions, the f irst portion 114 comprising an 
identification code which designates the intended user 
terminal. This is the same information that is used in 
the look-up table 76 of the routing module 66 to select 
an equipment chain 42, 44 for the message. The 
remaining portion 116 of the message consists of the 
ASCII text or other data that is being sent by the 
20 subscriber to the user terminal. 

Fig. 7 is a schematic diagram illustrating the 
principal transponder components of the first satellite 
28 in Fig. i, it being understood that the second 
satellite 30 is substantially identical. The satellite 
25 includes an antenna lis which collects energy from the 
uplink signals at frequency f, and also focuses the 
downlink transmissions at frequency f 2 . T he uplink 
signals pass through a dipiexer 120 to a bandpass filter 

3 o lt\ WhiCh ° nly PaSSSS SignalS ±n 3 narr ° W fre W band 
30 that includes the uplink frequency fl . A frequency 

converter 124 shifts the frequency f x of the uplink 
signal to the downlink frequency f 2 . a transmitter 126 
increases the total power of the downlink signal, which 
then passes through the dipiexer 120 to the antenna lis 
35 and propagates back to earth. 
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, . , s 32 CFl ^. 1) receive the messacre 

saSS't aftSr ^ by the rel U 

satellites 28, 30. The retransmitted signals J e 
sequences of individual messages intended for specific 
5 ones of the user terminals 32. The receiver portion of 
each user terminal 32 includes message processing means 

TJZZTI ^ diSPlay meS "' eS «"» «» 

signal that are specifically directed to that particular 
user terminal. Optionally th= ... * Particular 
1n _ "ptionaiiy, the user terminals 32 may 

10 . also transmit reply signals to the central station 20 
Via the satellites 28, 30 in order to send return 
-essagss to the subscriber stations 26 or to allow the 
user positions to be calculated by the central station 
20 as described in the patents and copending patent 

' wnIcT Cited *"«"«*vely, user terminals 

which are equipped to decode both of the PH codes 
associated with the respective satsllites 28, 30 can 
calculate their own positions based on the relative 

20 sHell , tlneS °* ^ SiSnalS r8CBiVed fr ™ **• ^o 
satellites, assuming that the satellite positions are 

known and the signals are encoded with their 

transmission times. The calculated position data can be 

twHa! CSntral St " iOT 20 US1 " 5 ~ ° f «» 

two satellites 28, 30, and the data may then be sent to 

25 the relevant subscriber stations 26. As a further 
alternative, the user terminal can themselves measure 
the arrival times of the signals received from the two 
satellites, and the arrival time data can be returned to 
the central station through one of the satellites. The 
30 user positions can then be calculated at the central 
station and made available to the subscriber stations 26 
(and, optionally, to the user terminals 32 as part of 
.. the next paging cycle) . 

Figure 8 shows the general organization of 
35 subsystems in the receiver portion of a user terminal 
32. The user terminal 32 utilizes a small, fixed 
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omnidirectional antenna 128 to receive transmissions 
from the satellites 28 and 30 of Fig. i. A low noise 
amplifier 130 increases the power of the received 
signal. A down converter 132 referenced to a local 
5 oscillator 134 converts the received signal from a 
microwave frequency on the order of several gigahertz to 
a lower frequency of about 70 MHz suitable for 
intermediate frequency processing. A bandpass filter 
136 blocks all energy in the received signal except 
10 frequencies centered around 70 MHz . A biphase shift 
keyed (BPSK) demodulator 138 removes the 70 MHz biphase 
modulated carrier of the received IF signal to yield a 
1.112 Mcps spread signal. The BPSK demodulator 138 also 
produces a signal for controlling the frequency of the 
15 local oscillator 134. 

In the embodiment shown, the user terminal 123 
includes separate decoding channels 14 o and 142 for 
removing first and second PN codes,, respectively, from 
the spread signals. a divider 144 splits each spread 
20 signal into two identical signals, and directs the 
signals to the decoding channels 140, 142. The outputs 
of the decoding channels 140, 142 are applied as inputs 
to a message recovery circuit 14 6, which in turn drives 
a . display 148 or produces a command signal. m 
25 instances where it is desired to confine a particular 
user terminal to a single pn code, only one decoding 
channel is used and the divider 144 is omitted. 

Fig. 9 shows the decoding channel 140 in detail 
the other decoding channel 142 being substantially 
30 identical. A mixer 150 combines the data stream from 
the divider 144 with a locally generated PN code 
produced by a code generator 151 in order to despread 
the received signal. The mixer output is applied as an 
input to a demodulator 152 which recovers the data when 
35 the PN generator 151 is operating in synchronism with 
the incoming signal. The frequency of the PN generator 
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10 



15 



151 is adjusted by a voltage controlled oscillator 153, 
which is in turn controlled by a feedback signal from 
the demodulator 152. Various methods for acquisition 
and synchronization of PN-coded signals, such as serial 
searching and delay locked loops, are known in the field 
of spread spectrum communications. Any of these 
techniques may be used in the practice of the present 
invention. 

The output of the decoding channels 14 0, 142 of Fig. 
8 are despread baseband signals comprising a plurality 
of messages. The message recovery circuit 146 isolates 
those messages which are directed to the specific user 
terminal 32 of interest. This circuit, shown in more 
detail in Fig. io, includes a buffer 154 for storing the 
outputs of the decoding channels 140, 142. Despread 
signals stored in the buffer 154 are serially read into 
a correlator 156. The correlator 156 comprises 
registers having sufficient size to store the 
destination and message information for a single message 
20 112 (Fig. 6). Another set of registers in the 
correlator stores the identification code assigned to 
the user terminal. The received identification 

information is continuously compared with the stored 
identification code for the user terminal, and when 
25 correlation is achieved, the associated message data is 
transferred to one of two different outputs depending on 
the type of data being sent. if the data comprises a 
message that is intended for a human operator, it is 
transferred to a display memory 158. The display memory 
158 directs the message data to the display unit 148 of 
Fig. 8 so that the message can be read by the user. The 
display unit 148 may comprise a visual display such as 
a light emitting diode (LED) array, liquid crystal 
display (LCD) or cathode ray tube (CRT), an audible 
readout such as a voice synthesizer, or a hard copy 
output device such as a printer. On the other hand, if 
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the data comprises control data that is intended to 
control a physical device connected to the user 
termmal, a command signal is produced and is applied as 
input to the controlled device. As an example, a 
command signal of this type may be used to control the 
refrigeration unit in a truck or railroad car that is 
equipped with a user terminal 32. 

If a reply capability is desired, the user terminal 
may be provided with an input device such as a keyboard 
or voxce digitizer, together with suitable transmitting 
circuitry for transmitting reply signals to the central 
station 20 through one or both of the satellites 28, 30 
The transmitting circuitry may be enabled by reply 
trigger outputs from the decoding channels 140, 142 of 
Fig. s. These outputs occur whenever the initial bits 
of an incoming signal having the appropriate PN code are 
detected, regardless of whether the associated message 
data is intend for that particular user terminal. This 

20 ItZTJ T en user terminal to send data (or a positi - 

reguest) to the central station 20 once during each 
Paging cycle, even if no message data is being sent to 
the user terminal. 

It should be emphasized that the use of a common 
carrier frequency for the downlink signals, in addition 
to reducing radio spectrum usage, has the advantage of 
allowing all of the user terminals 32 to be of 
substantially identical construction since only one set 
of oscillators, filters and other frequency-selective 
components is required. This allows substantial savings 
m cost, size and weight to be realized, and also allows 
commonality of spare parts, maintenance and test 
equipment, and so on. Although two pn decoders are 
required in the user terminals in order to allow message 
transmissions to be received from both satellites, these 
decoders can be implemented in digital circuitry of 
relatively small size and low cost. In situations where 
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different PN codes are assigned to different groups of 
user terminals, the necessary PN decoders may be 
provided as replaceable plug-in components so that the 
user terminals can be manufactured as identical units. 
5 In any case, the resulting system is considerably less 
complex than, for example, one in which different groups 
of user terminals are reguired to operate on different 
_ freguencies or a given user terminal is reguired to 
receive signals on more than one freguency. Fault 
10 tolerance is also increased since the failure of the 
downlink freguency channel on one satellite will not 
disable the entire system. 

Although the present invention has been described 
with reference to a preferred embodiment, the invention 
is not limited to the details thereof. For example, the 
communication system may be expanded to include 
additional satellite relays and PN codes, and the spread 
spectrum modulation signal may be carried out aboard the 
satellites rather than at the central station. Further, 
it should be noted that various types of signal relays 
other than satellites may be employed in the practice of 
the invention. Other substitutions and modifications 
will occur to those of ordinary skill in the art, and 
all such substitutions and modifications are intended to 
25 fall within the scope of the invention as defined in the 
appended claims. 
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WHAT IS CT AIMED ts ; 
1. 



A radio communication system comprising: 

means for generating messages to be 
transmitted ; 

means for assigning said messages to first and 
second message groups ; 

means for encoding said first and second 
message groups with mutually distinguishable codes; 

means for transmitting said first and second 
message groups ; 

first and second elevated relay stations for 
receiving said first and second message groups, 
respectively, and for retransmitting said message 
groups at a common downlink carrier frequency, said 
relay stations having transmitting antennas which 
provide overlapping coverage of a common geographic 
area; and 

a plurality of receiver terminals located in 
said common geographic area for receiving said 
first and second message groups at said common 
downlink carrier frequency, each of said receiver 
terminals including decoding means for decoding at 
least one of said first and second codes in order 
to allow messages to be received from at least one 
of said relay stations without interference from 
the other relay station. 



2. 



30 



3 . 



A radio communication system as claimed in claim l 
wherein said encoding means comprises means for 
spread spectrum modulating said first and second 
message groups using different pseudo-noise codes. 

A radio communication system as claimed in claim l 
wherein the decoding means of at least one of said 
receiver terminals is effective to decode both of 
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said first and second message groups in order to 
allow messages to be received from both of said 
relay stations. 

4. The radio communication system as claimed in claim 
1, wherein the messages in said first and second 
message groups each contain an identification 
portion designating one of said receiver terminals 
and an information portion containing message data 
intended for said designated receiver terminal, and 
wherein each of said receiver terminals comprises 
means for comparing the identification portions of 
received messages with a stored identification code 
and for recovering the message data from messages 
having identification portions matching said stored 
15 identification code. 



10 



5. 



20 6. 



25 7. 



A radio communication system as claimed in claim 4, 
wherein each of said receiver terminals further 
comprises means for displaying said recovered 
message data. 

A radio communication system as claimed in claim 1, 
wherein said assigning means comprises a stored 
look-up table indicating whether the decoding means 
of a given receiver terminal is capable of decoding 
said first code or said second code. 



A radio communication system as claimed in claim l, 
wherein said transmitting means includes first and 
second directional transmitting antennas aligned in 
the direction of said first and second elevated 
relay stations, respectively, for transmitting said 
3 0 first and second message groups to said relay 

stations at a common uplink carrier frequency. 
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30 



8. 



9. 



11. 



A radio communication system as claimed in claim l, 
wherein said assigning means, said encoding means 
and said transmitting means are located at a 
transmitting station having a fixed location. 

A radio communication system as claimed in claim 8 
wherein said means for generating messages 
comprises a plurality of subscriber stations 
connected to said transmitting station. 

10. A radio communication system as claimed in claim 1 
10 wherein said first and second elevated relay 

stations comprise geostationary satellites. 

A radio communication system as claimed in claim l, 
wherein at least one of said receiver terminals 
comprises a mobile terminal. 

A radio communication system as claimed in claim 1, 
wherein each of said receiver terminals includes a 
nondirectional receiving antenna. 

A method for transmitting messages from a central 
station to a plurality of receiver terminals using 
first and second elevated relay stations operating 
at the same downlink carrier frequency, comprising 
the steps of: 

assigning said messages to first and second 
message groups; 

encoding said first and second message groups 
with mutually distinguishable codes; 

transmitting said first and second message 
groups from said central station to said first and 
second elevated relay stations, respectively; 

retransmitting said first and second message 
groups at a common downlink carrier frequency from 
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said respective first and second elevated relay 
stations to a common geographic area containing 
said receiver stations; 

decoding at least one of said first and second 
codes at each of said receiver terminals in order 
to allow messages to be received by said receiver 
terminal from at least one of said relay stations 
without interference from the other relay station. 

14 . A method as claimed in claim 13 , wherein said 
encoding step comprises spread spectrum modulating 
said first and second message groups using 
different pseudo-noise codes. 

15 . A method as claimed in claim 13 , wherein the 
messages in said message groups each contain an 

15 identification portion designating one of said 

receiver terminals and an information portion 
containing message data intended for said 
designated receiver terminal, and further 
comprising the steps of: 

20 comparing the identification portions of 

received messages with an identification code 
stored in the receiver terminal ; 

recovering the message data from messages 
having identification portions matching said stored 

25 identification code. 

16. A method as claimed in claim 15, further comprising 
the step of displaying said message data at the 
receiver terminal. 

17. A method as claimed in claim 13, further comprising 
30 the steps of: 
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generating messages intended for specific ones 
of said receiver terminals at a plurality of 
subscriber terminals; 

transmitting said messages from the subscriber 
stations to the central station. 



18. 



A method as claimed in claim 13 , wherein the step 
of assigning said messages to first and second 
message groups comprises carrying out a look-up 
operation to determine from stored data whether the 
10 decoding means of a given receiver terminal is 

capable of decoding said first code or said second 
code. 



19. 

15 



A method as claimed in claim 13, wherein the step 
of transmitting said first and second message 
groups to said first and second elevated relay 
stations is carried out at a common uplink carrier 
freguency using directional transmitting antennas. 



20. 

20 



A method for expanding the capacity of a radio 
communication system in which messages are 
transmitted from a central station to a plurality 
of receiver terminals by means of a relay 
satellite, comprising the steps of partitioning the 
messages into at least two message groups, encoding 
said message groups with mutually distinguishable 
25 codes, transmitting one message group to said 

receiver terminals through the first relay 
satellite, transmitting the other message group to 
the same receiver terminals in the same geographic 
area using an additional relay satellite operating 
30 at the same downlink carrier frequency, and 

decoding at least one of the codes at each receiver 
terminal in order to allow messages to be received 
at said terminal from at least one relay satellite 
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without interference from the other relay 
satellite. 
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AMENDED CLAIMS 
[received by the International Bureau 
on 7 September 1990 (07.09.90); 
original claims 13 and 15 amended; 
other claims unchanged (1 page)]' 



said respective first and second elevated relay 
stations to a common geographic area containing 
said receiver terminals; and 

decoding at least one of said first and second 
codes at each of said receiver terminals in order 
to allow messages to be received by said receiver 
terminal from at least one of said relay stations 
without interference from the other relay station. 

A method as claimed in claim 13, wherein said 
encoding step comprises spread spectrum modulating 
said first and second message groups using 
different pseudo-noise codes. 



. A method as claimed in claim 13, wherein the 
messages in said message groups each contain an 
identification portion designating one of said 
receiver terminals and an information portion 
containing message data intended for said 
designated receiver terminal, and further 
comprising the steps of: 

comparing the identification portions of 
received messages with an identification code 
stored in the receiver terminal; and 

recovering the message data from messages 
having identification portions matching said stored 
identification code. 



. A method as claimed in claim 15, further comprising 
the step of displaying said message data at the 
receiver terminal. 



30 



. A method as claimed in claim 13 , further comprising 
the steps of: 
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